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ATTENTION: Board of Patent Appeals and Interferences 



Sir: 



APPELLANT'S BRIEF ON APPEAL 



This is an appeal to the Board of Patent Appeals and Interferences (the "Board") from the 
decision of the Examiner finally rejecting claims 39-52, 61-68, 71-73 and 76-79, and is in 
furtherance of the Notice of Appeal filed on January 20, 2004, in this application. The appealed 
claims are as set forth in the attached Appendix. Provision for the payment of fees required for 
filing this brief, and any required extension of time for filing the brief, is submitted herewith. 
This brief is submitted in triplicate in accordance with the provisions of 37 CF.R. §1.1 92(a). 
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REAL PARTY IN INTEREST 



The real party in interest in this appeal is the CBR Institute for Biomedical Research, 
Inc., aka The Center for Blood Research, Inc., the assignee of the rights of the inventors in the 
above-identified patent application. The CBR Institute for Biomedical Research, Inc., is an 
affiliate of the Harvard Medical School. 

RELATED APPEALS AND INTERFERENCES 

The present application is a continuation of U.S. Application No. 09/436,076, filed 
November 8, 1999, which is also currently the subject of an appeal. The outcome of that appeal 
may have some bearing on the resolution of this appeal. There are no other related appeals or 
interferences that will directly affect, be directly affected by, or have a bearing on the Board's 
decision in this appeal. 

STATUS OF CLAIMS 

The status of the claims in this application is as follows. Claims 39-52, 61-68, 71-73 and 
76-79 are pending and are on appeal Claims 53-60, 74-75, 80-82, 84-86 and 88 have been 
canceled. Claims 69, 70, 83 and 87 have been withdrawn from consideration. No claims have 
been allowed. 

STATUS OF AMENDMENTS 

Claims 39-52, 61-68, 71-73 and 76-79 were finally rejected in the Office Action of July 
18, 2003. An Amendment After Final Rejection was filed on January 20, 2004. An advisory 
action was mailed to appellants on March, 12, 2004, and the advisory action stated that the 
Amendment After Final Rejection would be entered for purposes of this appeal. The Amendment 
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After Final Rejection did not result in the amendment of any claims, but did amend the 
specification. 

SUMMARY OF INVENTION 

Atherosclerosis, a principal cause of heart attacks among adults in the United States, 
results from the restricted flow of arterial blood due to the accumulation of fibrous plaque over 
time in the arterial lumen. Death or incapacitation of the subject may result from the rupture of 
the fibrous cap of the plaque, causing hemorrhage, thrombosis and occlusion of the artery. The 
fibrous plaque is formed from fatty streaks which develop into lesions composed predominantly 
of layers of smooth muscle cells, lipid- filled macrophages and T cells. The earliest stages of 
atherosclerosis occur when migrating monocytes and T lymphocytes bind to the lumen of the 
arterial wall. Atherosclerosis is a chronic, long term condition, as distinguished from more acute 
conditions such as local inflammation. Page 1, line 17 to page 2, line 22. Appellants have found 
that P-selectin is implicated in the origins of atherosclerosis as a result of the mediation of 
platelet or endothelial cell binding and adhesion to monocytes. Page 5. 

The claimed invention is directed to methods for treating or inhibiting atherosclerosis in a 
mammal by administering an effective amount of an antibody to the mammal. The antibody is 
capable of inhibiting an interaction between P-selectin and a ligand of P-selectin, and between E- 
selectin and a ligand of E-selectin. Page 9, lines 10-34. 

ISSUES 

The issues to be decided in this appeal are as follows: 

1. Whether claims 39, 42-52, 61-65, 68, 74 and 76-79 are unpatentable under 35 U.S.C. 
102(b) as anticipated by Furie et al. (EP 0496832). 
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2. Whether claims 39-52, 61-68, 71-74 and 76 are unpatentable under 35 U.S.C 102(b) as 
anticipated by Palabrica et al. (WO 93/06863). 



3. Whether claims 39-52, 61-65, 68 and 73-74 are unpatentable under 35 U.S.C. 102(a)(e) 
as anticipated by McEver et al (U.S. Patent No. 5,378,464). 

4. Whether claims 39-52, 61-68, 71-74 and 76-79 are unpatentable under 35 U.S.C. 103(a) 
as obvious over Furie et al. and/or Palabrica et al. and/or McEver et al, in view of the 
known use of combination therapies in the treatment of atherosclerosis as taught by 
Coller et al. (U.S. Patent No. 5,976,532), further in view of the known art underlying 
lesions of atherosclerosis and known treatments of atherosclerosis (pages 1-2 of the 
specification), and further in view of the known modes of administration practiced by the 
ordinary artisan (pages 12-16 of the specification). 

GROUPING OF CLAIMS 

Claim 39 is the sole independent claim in the application on appeal, and the remaining 
claims are dependent on claim 39. Accordingly, all claims on appeal can be grouped together, 
and all claims stand or fall together. 

ARGUMENT 

I. Rejection of Claims 39, 42-52, 61-65, 68, 74 and 76-79 over Furie et al. 

Claims 39, 42-52, 61-65, 68, 74 and 76-79 have been rejected under 35 U.S.C. 102(b) as 
anticipated by Furie et al. (EP 0496832). Appellants respectfully request reversal of this 
rejection by the Board. 

Furie et al. relates to a method for inhibiting the binding of P-selectin bearing cells, such 
as platelets, and a P-selectin ligand through the use of an antibody to P-selectin ((PADGEM). 
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The Furie et al. reference does not disclose, however, that P-selectin antibodies can be used to 
inhibit the interaction of both P-selectin and a ligand of P-selectin, and E-selectin and a ligand of 
E-selectin, as required by all of the present claims. In fact, Furie et al is completely silent as to E- 
selectin (ELAM-1) and E-selectin ligand binding, and accordingly, the reference fails to enable 
antibodies which are capable of inhibiting the interaction of E-selectin and a ligand of E- 
selectin.. 

The Examiner states that the antibodies of Furie et al. inherently inhibit the interaction of 
E-selectin and a ligand of E-selectin as presently claimed by applicants. The Examiner further 
states that this is a "mechanism of action" that lacks patentable significance, and that the 
recognition of "latent properties" does not result in patentability. Appellants strongly disagree 
with these propositions as applied to the claims on appeal. 

It is appellants' position that the mere fact that an antibody inhibits P-selectin, as in Furie 
et al, does not inherently mean that it will also inhibit E-selectin as contended by the Examiner. 
The present claims specifically recite that the antibodies of the invention must have the property 
of being capable of inhibiting both P-selectin (PADGEM) and E-selectin binding. This is neither 
a latent property nor an inherent characteristic of all anti-P-selectin antibodies, as explained in 
more detail below. In fact, this is a functional characteristic of appellants' claimed antibodies that 
makes the present antibodies unique and patentable in view of the antibodies disclosed in Furie 
et al. 

In support of the above proposition, enclosed in Exhibit A are the pertinent portions of 
the Declaration Under 37 C.F.R. 1.132 of Denisa Wagner, a co-inventor of the above-identified 
patent application. Dr. Wagner's credentials are summarized in the exhibits section of the 
Declaration. The Declaration was filed in parent application USSN 08/948,393, filed October 
10, 1997, in response to a similar rejection made in that application. The pertinent portions of the 
Declaration, for purposes of the issues to be decided in this appeal, are paragraphs 1-5 and 13-15. 
In summary, these paragraphs state that (1) an agent that inhibits P-selectin binding does not also 
inherently inhibit E-selectin, and (2) it is unexpected than an agent that inhibits both P-selectin 
and E-selectin binding would have enhanced effectiveness in treating atherosclerosis. 
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The Wagner Declaration is referred to in this appeal submitted by appellants to rebut the 
Examiner's contention that the inhibition of both P-selectin and E-selectin is inherent in the 
antibodies described in Furie et al. In view of the Declaration, appellants submit that there is no 
basis for drawing any such conclusion. Appellants' note that the Wagner Declaration is not 
contradicted by any of the statements made in the references cited in this appeal. 

II. Rejection of Claims 39-52, 61-68, 71-74 and 76 over Palabrica et al. 

Claims 39, 42-52, 61-65, 71-74 and 76 have been rejected under 35 U.S.C. 102(b) as 
being anticipated by Palabrica et al. (WO 93/06863). Appellants request the Board to reverse this 
rejection. 

Palabrica et al. relates to the use of P-selectin antibodies to inhibit vascular narrowing 
associated with post-angioplasty restenosis following a surgical procedure. There is no 
disclosure in the Palabrica et al. reference regarding the use of P-selectin antibodies to prevent or 
inhibit atherosclerosis. Moreover, there is no disclosure in the Palabrica et al. reference that the 
antibodies disclosed therein must be capable of inhibiting both P-selectin and E-selectin binding 
to their respective ligands. 

The Examiner has asserted that appellants' claimed methods would be inherent from the 
methods described in Palabrica et al. which involve the inhibition of vascular narrowing 
following angioplasty as described in that reference. Appellants' point out that the procedures 
described in the Palabrica et al. reference are directed to the treatment of restenosis rather than 
the treatment of atherosclerosis. Atherosclerosis is a long term chronic condition characterized 
by the build up of fibrous plaque in the arterial walls of a subject over an extended period of 
time. Restenosis, on the other hand, is short term or acute condition resulting from a surgical 
procedure performed on a patient. Moreover, there is no basis for assuming that the antibodies of 
Palabrica et al. would be effective for inhibiting both PADGEM and E-selectin binding since, as 
discussed above, the Palabrica et al. reference only describes activity toward PADGEM. 



III. Rejection of Claims 39-52, 61-65, 68 and 73-74 over McEver at al. 
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Claims 39-52, 61-65, 68 and 73-74 have been rejected under 35 U.S.C. 102(a)(e) as being 
anticipated by McEver et al. Appellants respectfully request the Board to reverse this rejection. 

McEver et al. describes a method for modulating an inflammatory response in a patient 
by treating the patient with inhibitors for GMP-140, such as through the use of GMP-140 
antibodies. The inflammatory responses described in the reference include circulatory shock, 
organ transplant rejection, myocardial infarction and acute respiratory distress syndrome. 
Atherosclerosis is not an inflammatory condition as that term is used in the McEver et al. 
reference. 

In cols. 20 and 21, the McEver et al. reference contains a list of various inflammatory 
responses that could conceivably be treated with antibodies to GMP-140. Although 
atherosclerosis is included in that list, the list also includes such diverse conditions as sepsis, 
adult respiratory syndrome, tumor metastasis, and intravascular coagulation. This listing of 
diseases is strictly conjectural on the part of the patentee, and one skilled in the art would 
certainly not consider this list as enabling for any of the listed diseases. For instance, the patentee 
states that "platelet-leukocyte interactions are believed to be important in atherosclerosis 
(emphasis supplied)". See col. 21, lines 53-54. In any event, it is clear that the patentee intends to 
treat the inflammatory effects of these various diseases, rather than the underlying conditions 
themselves. See, for instance, col. 21, lines 62-64, where the patentee states that the use of the 
glycoprotein antibody is for the purpose of controlling an inflammatory response. 

Further, there is no indication from the McEver et al. reference that GMP-140 antibodies 
would also be useful to prevent the binding of E-selectin to a ligand of E-selectin as required in 
the present claims. McEver et al. draw a distinction between GMP-140 and ELAM-1 as shown in 
col. 17 of the reference. 

IV. Rejection of Claims 39-52, 61-68, 71-74 over Furie et al. and/or Palabrica et al. and/or 
McEver et al., in view of Coller et al. and the present specification . 
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Claims 39-52, 57, 61-68, 71-74 and 76-79 stand rejected under 35 U.S.C. 103(a) as 
obvious over the combination of Furie et al., and/or Palabrica et al., and/or McEver et al., in view 
of known combination therapies used in the treatment of atherosclerosis as taught by Coller et al. 
(U.S. Patent No. 5,976,532), and/or admissions contained in appellants' specification. Appellants 
request the Board to reverse this rejection. 

The Furie et al., Palabrica et al. and McEever et al. references have been discussed above, 
and have been distinguished from the present invention for reasons presented therein. These 
references, either singly or in combination, fail to teach or suggest the methods and therapeutic 
agents of the present invention since the references do not disclose P-selectin antibodies which 
are effective for inhibiting both P-selectin and E-selectin binding with their respective ligands. 
These deficiencies are not cured by the Coller et al. reference which has been cited only for its 
disclosure of the use of combination therapies and vessel corrective techniques. 

Appellants further assert that the present specification does not contain an admission that 
any aspect of the presently claimed invention is known in the art. The statement on pages 12-16 
of the specification regarding administration of the therapeutic agent is part of the description of 
the methods for using the invention, and is not an acknowledgement that the present invention 
has been used in this manner by others. 

CONCLUSION 

Claims 39-52, 61-68, 71-73 and 76-79 are deemed to be patentable over the Furie et al., 
Palabrica et al., McEver et al. and Coller et al. references, and to overcome the remaining 
grounds of rejection in this application. All of the cited references, properly construed, relate to 
the treatment of short term acute conditions, which may also result form the immediate effects of 
longer term diseases, such as atherosclerosis. In any event, the treatment of the longer term 
chronic condition, which is the hallmark of atherosclerosis, is not within the contemplation or 
scope of these references. Appellants submit that a fair and objective reading of these references 
would support this position. 
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Accordingly, for the reasons presented in this brief, appellants respectfully urge the 
Board to reverse the rejections made in the Final Office Action, and to allow all of the appended 
claims. 

Appellants hereby authorize the Commissioner, to debit the $330.00 fee for filing this 
appeal brief from Appellant's Deposit Account No. 18-1945. If there are any other fees not 
accounted for above, Appellants hereby authorize the Commissioner to charge the fee to Deposit 
Account 18-1945. 

Respectfully submitted, 
ROPES & GRAY 



Date: aJL^^ i> 

William G. Gosz 
Reg. No. 27,787 
Attorney for Appellants 
Patent Group 
Ropes & Gray 
One International Place 
Boston, MA 021 10 
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APPENDIX 



39. A method for treating or inhibiting atherosclerosis in a mammal comprising: 

providing a P-selectin antibody for inhibiting an interaction between P-selectin and a 
ligand of P-selectin, and between E-selectin and a ligand of E-selectin; and 

administering said antibody to a mammal in need of such treatment so as to cause such 
inhibition to occur. 

40. The method of claim 39 wherein said antibody is administered to the mammal in 
conjunction with a vessel-corrective technique. 

41 . The method of claim 40 wherein the vessel corrective technique is selected from the group 
consisting of angioplasty, a stenting procedure, atherectomy, and bypass surgery. 

42. The method of claim 39 wherein said P-selectin is on a cell. 

43. The method of claim 39 wherein said cell is an endothelial cell. 

44. The method of claim 42 wherein said cell is a platelet. 

45. The method of claim 39 wherein said E-selectin is on an endothelial cell. 

46. The method of claim 39 wherein said ligand of P-selectin comprises a carbohydrate. 

47. The method of claim 39 wherein said ligand of P-selectin comprises a glycoprotein. 

48. The method of claim 39 wherein said ligand of P-selectin is selected from the group 
consisting of sialyl-Lewis x, sialyl-Lewis a, sialyl-Lewis x-pentasaccharide, 
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polyactosaminoglycan, carbohydrate containing 2,6 sialic acid, Lewis x 3'-0-sulfate, heparin 
oligosaccharides, PSGL-1, 160 kD monospecific P-selectin ligand and lysosomal membrane 
glycoproteins. 

49. The method of claim 39 wherein said ligand of P-selectin is on a cell selected from the group 
consisting of monocytes, neutrophils, eosinophils, CD4+ T cells, CD8+ T cells, and natural killer 
cells. 

50. The method of claim 39 wherein said ligand of P-selectin is on a leukocyte. 

51. The method of claim 50 wherein said leukocyte is a neutrophil. 

52. The method of claim 50 wherein said leukocyte is a monocyte. 

61. The method of claim 39 wherein said antibody is an inhibitor of a molecule required for the 
synthesis, post-translational modification or functioning of said P-selectin or said ligand of P- 
selectin. 

62. The method of claim 39 wherein said antibody inhibits interaction between said P-selectin 
and said ligand of P-selectin or between E-selectin and said ligand of E-selectin so as to inhibit 
formation of an atherosclerotic streak, or reverse a formed atherosclerotic fatty streak. 

63. The method of claim 39 wherein said antibody inhibits interaction between said P-selectin 
and said ligand of P-selectin or between E-selectin and said ligand of E-selectin so as to inhibit 
formation of an atherosclerotic intermediate lesion, or reverse a formed atherosclerotic 
intermediate lesion. 



64. The method of claim 39 wherein said antibody inhibits interaction between said P-selectin 
and said ligand of P-selectin or between said E-selectin and said ligand of E-selectin so as to 
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inhibit formation of an atherosclerotic fibrous plaque, or reverse a formed atherosclerotic fibrous 
plaque. 

65. The method of claim 39 wherein said antibody inhibits interaction between said P-selectin 
and said ligand of P-selectin or between said E-selectin and said ligand of E-selectin so as to 
inhibit formation of an atherosclerotic lesion after a surgical procedure for inhibiting restenosis. 

66. The method of claim 39 wherein said administering occurs prior to formation of an 
atherosclerotic lesion. 

67. The method of claim 39 wherein said administering occurs subsequent to formation of an 
atheroschlerotic lesion. 

68. The method of claim 39 wherein said mammal is a human. 

71. The method of claim 39, wherein said antibody is administered at a dose of about 0.01 to 
about 200 mg/kg body weight. 

72. The method of claim 39, wherein said antibody is administered at a dose of about 1 to about 
100 mg/kg body weight. 

73. The method of claim 39, wherein said antibody further inhibits interaction between L- 
selectin and a ligand of L-selectin. 

76. The method of claim 39, wherein said antibody is administered in sequential exposures over 
a period of hours, days, weeks, months or years. 

77. The method of claim 39, wherein said antibody is administered repeatedly, or by controlled 
release delivery system. 

9412538 J "12- 



78. The method of claim 39, wherein the antibody is administered in combination with other 
therapeutic agents. 

79. The method of claim 39, wherein the antibody is administered as a pill, as an injection or as 
an implant. 



9412538J 



-13- 



Express Mail No. EH966441983 



ATTORNEY DOCKET NO. 23134-24 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicants: 
Serial No. 
Filed: 
For: 



Denisa D. Wagner and Robert C. Johnson 
Not yet assigned 
October 10, 1997 

METHOD FOR TREATING AND PREVENTING ATHEROSCLEROSIS 



BOX FWC 

Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



DECLARATION UNDER 37 C.F.R. Si. 132 



I, Denisa D. Wagner, declare that: 

1. I am a Professor in the Department of Pathology at 
Harvard Medical School, and Senior Investigator at The Center for 
Blood Research, Boston, Massachusetts. My Curriculum Vitae is 
attached as Appendix I. I am an inventor of the above-identified 
application. I am highly skilled in the art regarding the 
subject matter to which the above-identified application pertains 
and am aware of the knowledge of the ordinary person skilled in 
the art. 

2. I have examined the Office Action for the parent 
application Serial No. 08/377,798 dated November 13, 1996, for 
the above-identified continuation application. I am familiar 
with the present claims of this application which are directed to 
methods for treating or inhibiting atherosclerosis in a mammal by 
administering an agent which inhibits interaction between 
P-selectin and a ligand P-selectin and between E-selectin and a 
ligand of E-selectin. 

3. I am familiar with the prior art cited by the Examiner: 
Kogan et al., Rao et al., Seekamp et al., Ross, Rohrer et al. and 
DeAmbrosi. 
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4. Based on my background, training and experience in this 
field, it is my opinion that it is not inherent that every agent 
which inhibits interaction between P-selectin and a P-selectin 
ligand also inhibits interaction between E-selectin and an E- 
selectin ligand. It was known in the art at the time that the 
parent application was filed, that in fact there are agents which 
inhibit P-selectin but not E-selectin, and agents which inhibit 
E-selectin but not P-selectin. See , e.g. , attached Exhibit A: 
Cecconi et al., J. Biol. Chem. 269:15060-15066 ( 1994 ) (describes 
agent which inhibits P-selectin but not E-selectin), and Exhibit 
B: Lenter et al., J. Cell Biol. 125:471-481 ( 1994 ) (describes 
ligands which bind to P-selectin but not to E-selectin and other 
ligands which bind to E-selectin but not to P-selectin). 

5. Based on my background, training and experience in this 
field, it is my opinion that it was not obvious at the time that 
the parent application was filed for one skilled in the art to 
select agents which inhibit both P-selectin and E-selectin for 
enhanced effectiveness in treating atherosclerosis. It was not 
known in the art at that time that both E- and P-selectin are 
involved in cardiovascular disease and chronic inflammation. 

6. Based on my background, training and experience in this 
field, it is my opinion that an important distinction exists 
between "acute inflammation" and "chronic inflammation." See , 
e.g. , attached Exhibit C: Robbins, in "Pathologic Basis of 
Disease," 5th Ed., R.S. Cotran, M.D., V. Kumar, M.D. and S.L. 
Robbins, M.D., W.B. Saunders Co., Philadelphia, PA, pp. 51-76 
(1994). "Acute inflammation" is of relatively short duration and 
is involved in processes such as wound repair, infection and 
reperfusion injury. It involves mainly recruitment of 
neutrophils. "Chronic inflammation," on the other hand, is of 
longer duration and is associated predominantly with the 
recruitment of monocytes and T-cells. As is known to one skilled 
in the art, atherosclerosis is a special example of chronic 
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inf lamination. This specificity of recruitment, combined with 
smooth muscle cell proliferation and dependence on cholesterol 
ingestion by the monocytes /macrophages f makes atherosclerosis a 
unique process. At the time that the parent application was 
filed, there were no known adhesion receptors that were specific 
for recruitment of monocytes and T-cells. 

7. Based on my background, training and experience in this 
field, it is my opinion that it was known to one skilled in the 
art at the time that the parent application was filed, that 
P-selectin was a receptor that mediated rolling of many types of 
white blood cells, was rapidly expressed on activated cells, and 
was stored in preformed granules that could be rapidly released 
from these cells. Moreover, as was known by one skilled in the 
art at the time, P-selectin was involved in early recruitment of 
neutrophils in experimentally-induced inflammation. See attached 
Exhibit D: Mayadas et al., Cell 74 :541-554 ( 1993 ) (recruitment of 
neutrophils was delayed in P-selectin-def icient mice for two 
hours and then occurred at a rate identical to wild- type mice). 
Similarly, delay in the recruitment of neutrophils in wound 
healing has been reported to occur only in the first two hours in 
P-selectin-def icient mice after injury. See attached Exhibit E: 
Subramaniam et al., Am. J. Pathology 150:1701-1709 (1997). And, 
recruitment of macrophages three to seven days post wounding has 
been reported to be normal in P-selectin-def icient mice, with 
wound healing occurring at the same rate as in wild- type mice. 
See attached Exhibit E: Subramaniam et al., Am. J. Pathology 
150:1701-1709 (1997). It is my opinion that to a person skilled 
in the art, these results indicate that P-selectin plays a role 
in acute inflammation and injury, but not in chronic processes 
such as atherosclerosis. 

8. Based on my background, training and experience in this 
field, to the best of my knowledge the first published indication 
that P-selectin plays a role in long-term chronic inflammation 



came in 1995 , after the filing date of the parent application. . 
See attached Exhibit J: Johnson et al., Blood 86:1106-1114 (1995) 
which showed reduced macrophage recruitment 48 hours after 
induction of experimental inflammation. See also attached 
Exhibit F: Subramaniam et al., J. Exp. Med. 181:2277-2282 (1995). 
This paper reported that recruitment of inflammatory cells, 
including CD4 + T cells, in a contact hypersensitivity response, 
was reduced in P-selectin-def icient mice. This result was a big 
surprise to those skilled in the art. 

9. Based on my background, training and experience in this 
field, to the best of my knowledge it was not until 1997, after 
the filing date of the parent application, that the first 
published report appeared demonstrating a role for any adhesion 
receptor molecule, and specifically for P-selectin, in 
atherosclerosis . See attached Exhibit G: Johnson et al., J. 
Clin, Invest. 99:1037-1043 (1997). 

10. Based on my background, training and experience in this 
field, it is my opinion that a role for P-selectin in chronic 
inflammation such as atherosclerosis was contrary to the state of 
knowledge of those skilled in the art at the time that the parent 
application was filed, and was certainly not "obvious" to those 
skilled in the art. 

11. Based on my background, training and experience in this 
field, it is my opinion that a role for E- select in in chronic 
inflammation such as atherosclerosis was not experimentally 
supported at the time that the parent application was filed. 
Indeed, even as of the instant date, no defects in any 
inflammatory or wound healing models have been reported for 
E-selectin-def icient mice unless antibodies inhibitory of 
P-selectin are also used. See attached Exhibit K: Labow et al., 
Immunity 1:700-720 ( 1994 ) (published after the filing date of the 
parent application) . 
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12. Based on my background, training and experience in this 
field, to the best of my knowledge, it was not until 1996, after 
the filing of the parent application, that it was reported, by 
myself and others, that major defects existed in P- and E- 
selectin double deficient mice. See attached Exhibit H: 
Frenette et al., Cell 84 :563-574 ( 1996) , and attached Exhibit I: 
Bullard et al., J. Exp. Med. 183:2329-2336 (1996). These papers 
showed conclusively for the first time that the two endothelial 
selectins, P and E together, are crucial for leukocyte 
recruitment to sites of inflammation. Prior to these papers, 
these selectins were known to be involved in leukocyte rolling 
(with minor or no consequences on leukocyte recruitment) ( see 
attached Exhibit D: Mayadas et al., Cell 74:541-554 (1993)), and 
it is my opinion that it was believed by persons skilled in the 
art that it was the adhesion molecules responsible for leukocyte 
firm adhesion to endothelium (belonging to the immunoglobulin and 
integrin family of receptors), that were crucial for the final 
transmigration of leukocytes to sites of inflammation in the 
tissues . 

13. Based on my background, training and experience in this 
field, it is my opinion that a role for E-selectin in 
atherosclerosis had not been shown at the time that the parent 
application was filed. 

14. Attached hereto as Exhibit L are five figures 
illustrating the results of experiments performed in my 
laboratory which support the surprising and unexpected results 
obtained from mice being deficient in both P-selectin and E- 
selectin, as opposed to being deficient just for P-selectin, in 
inhibiting atherosclerotic lesions on arterial walls. 
Experimental protocols were performed as described in Exhibit G: 
Johnson et al., J. Clin. Invest. 99:1037-1043 (1997). Fig. 1 
illustrates that the size of aortic sinus lesions in LDL-receptor 
(LDLR) -deficient mice on an atherogenic (high cholesterol and 
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fat) diet is significantly smaller in P- and E-selectin double 
deficient mice than in wild-type or just P-selectin-def icient 
mice. Fig. 2 consists of photographs of entire aortae of LDLR- 
def icient mice on an atherogenic diet, and illustrates that the 
percentage area of the aortae that have atherosclerotic lesions 
is significantly smaller in P- and E-selectin double deficient 
mice than in wild- type mice. Fig. 3 illustrates that there are 
significantly smaller aortic sinus lesions in LDLR-def icient mice 
on an atherogenic diet in P- and E-selectin double deficient mice 
than in wild- type or just P-selecin-def icient mice. Fig. 4 
illustrates that the size of atherosclerotic lesions in the 
aortic sinus of LDLR-def icient mice, as a function of the length 
of time on an atherogenic diet, is significantly smaller for up 
to at least 37 weeks, in P- and E-selectin double deficient mice 
than in wild- type or just P-selectin-def icient mice. Fig. 5 
illustrates that the percentage of mice with calcification in the 
aortic sinus of LDLR-def icient mice on an atherogenic diet, is 
significantly less in P- and E-selectin double deficient mice 
than in wild type mice. 

15. Based on my knowledge, training and experience in this 
field, it is my opinion that no combination of the cited prior 
art teaches or suggests a method for treating or inhibiting 
atherosclerosis by providing an agent for inhibiting interaction 
between P-selectin and a ligand of P-selectin and between E- 
selectin and a ligand of E-selectin. Nor does any combination of 
the cited prior art suggest the advantages that are present in 
applicants' invention. 

I further declare that statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
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imprisonment, or both, under §1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize 
the validity of the above-identified application or any patent 
issuing thereon. 

Date: ^AA^ *^ Z5^*>^ <Z> . AJ^yU ±^ 

DENISA D. WAGNER, Ph.D. 

392638 1.WP6 
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inhabiHeukocyte rolling (31-33) and inflammation in vivo (29) 
logether, these observations suggested the possibility that 
multiple phosphate or sulfate groups can contribute to the for- 
mation of hgands for at least two of the selecting In the present 
study we attempt to better define selectin interactions with 
polyphosphate or polysulfated structures. We focused on ino- 
sitol poiyanions, simple 6-carbon ring structures derived from 
D-mycinositol (l,2,3,5.traruK6 cyclohexanehexol) by esterifi. 
cation with phosphate or sulfate groups (Fig. 1). The effects of 
inositol poiyanions on selectin function were examined usine a 
direct binding assay (competition ELISA), as well as several 
assays measuring selectin-dependent cell adhesion. Finally 
inositol poiyanions were tested in vivo in two mouse models of 
peritoneal inflammation and in a rat model of lung inflamma- 
tion. 



MATERIALS AND METHODS 

i ?f!, m c^~ InsP * Cdodecasodiu * salt), InaS 6 (hexapotasaium salt) 
Ins(l,4,5)P 3 potassium salt), inositol 1 -monophosphate (cyclohexylam- 
moiuum saltK myo-inositol, 2,3-bisphosphoglycerate (pentasodium 
salt), pentasodium tn polyphosphate hexahydrate <Na 5 P a O I0 ), and tri- 
sodium triphosphate (Na 3 P,0 9 ) were from Sigma! InsP, was also 
purchased from Calbiochem (La Jolta, CA). as were InsP 5 (decasodium 
£n£^ (trilithium salt), Insia.S^P^trilithlumsalt), and 

GroPIns (Uthium salt), n-glucose 2,3,4,6-tetrakisphosphate was synthe- 
sized startmg from a-o-glucose, which was converted to the benzyl 
or-o-glucopyranoside. Polyphosphitylation with dibenzyl /^diethyl 
phosphorous armcUte and tetraiole (34) followed by in situ oxidation 
withperaceuc acid^ve the fully protected benzyl a-o-glucopyranoside 
2,3.4,6-tetrakia (dibemyl) phosphate in good yield (73%). Benzyl pro- 
tecting ^ups were quantitatively removed by catalytic hydrogenation 
with H, on Pd/C (10%) to give pure D-glucoae 2.3,4,6-tetrakisphosphate 
as the free acid. All products gave satisfactory *H NMR, 3I P NMR, and 
fast atom bombardment mass spectra. 

Stock solutions to be used for animal experiments were freshly pre- 
pared m sterile pyrogen-free 0.9% NaCI (saline; Abbott Laboratories 
North Crucago, ID, adjusted to pH 7.4 with HCl, and sterilized by 
filtration. Endotoxin content was tested using a quantitative 
chromogenic hmulus amebocyte lysate assav (LAL, Whittaker Bioorod- 
ucts. Inc., Walkersville. MD). ' P 

Proteins and Aau6odi€s--S e Iectin.immujioglobuli n fusion, proteins 
fselectm-Ig) are recombinant chimeric molecules containing the lectin 
domain epidermal growth factor -repeat, and one <L-selectuvIg), two 
<P-selectin-Ig), or six (E-selectin-Ig) complement regulatory repeats 

S^e*. the CH2 ' and CH3 re ^ on3 of hu ^an IgGl (3, 6, 

3o-37). Selectin-Ig cDNAs in pCDM7 and pNUT vectors allowed tran- 
sient expression in COS- 1 cells (38) and sUble expression in baby ham- 
ster kidney cells (39). respectively Selectin-Igs were affinity-purified 
from culture media using protein A-agarose (Pierce Chemical Co ) or 
protein G-Sepharose (Pharmacia LKB Biotechnology Inc.) (38). BSA- 
sLe was kindly provided by Chembiomed. LTD (Edmonton, Alberta 
Canada). Horseradish peroxidase-conjugated goat anti-human IgG(Fc- 
specific) antibody was from Jackson Immunoresearch Laboratories Inc 
(West Grove, PA). Fluorescein-oonjugated anti-human IgG antibody 
was from Cappel (Durham, NO. BSA(Pentex Fraction V, protease-free) 
was from Miles. Inc. (Kankakee, ID. Anti-E-selectin mAb H1677 (pro- 
tem A-punfied antibody) was generated by immunization of mice with 
human endothelial cells (40). The following murine mAbs were provided 
as gifts: anti-P-selectin mAbs Gl fprotein A-purified antibody, from R 
McEver, Oklahoma City, OK) (41) and anti-L-selectin mAb LAM 13 
(ascites, from T. Tedder, Boston, MA) (42). 

Competition ELISA — Competition ELISAs using P- and E-selectin-Ig 
f 10-30 nM) were performed essentially as described (6). Briefly, poly- 
styrene micro well plates (cat. 25801, Coming Glass, Newark, CA) were 
coated with unconjugated BSA or BSA-sLe 4 neoglycoprotein (0.11 ug/ 
well in 75 ul of 50 mn sodium carbonate/bicarbonate buffer, pH 9 5) by 
incubation overnight at 4 °C. Wells were washed and blocked with 20 
mg/ml BSA in assay buffer (20 mu HEPES pH 7.4, 150 cut NaCI, 2 mw 
CaClj). P- and E-selectin-Ig and serially diluted test compounds were 
incubated in BSA-sLe*-coated wells for 3 h at room temperature. After 
washing with assay buffer, peroxidase-conjugated goat anti-human IgG 
antibody (1:3000) was added to the wells and incubated for 30 min. 
Wells were washed and incubated with a chromogenic substrate for 
peroxidase fo-phenylene-diamine ©^hydrochloride, 0.8 mg/ml) in 50 mM 
sodium citrate, 50 mM sodium phosphate buffer (pH 5.0) containing 
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0 015% (vol/vol) H 2 O r Bound selectin-Ig was determined by measuring 
the; optical density at 450 nm at intervals of 12-30 s in a V m* i 
reader (Molecular Devices, Inc., Memo Park. CA); an 
inmabon at 490 ^ waa made aftef 5topping ^ f 0 pmentin 

the linear range by addition of 4 n r^SO,. Speciac binding to 
was determined by subtracting the signal generated in wells coated 
with unconjugated BSA incubated with 20 nM solutions of selectin ll 
(typically less than 10% of the maximal signal), for L-selectin-Ig (2) 20 
nw fusion protein was allowed to form multimeric aggregates with per- 
oxidase-conjugated antiimmunoglobulin antibody (1:6,000) for 30 min 
before incubation with the inhibitors on the BSA-s Legated plate 
Subsequent steps were as described above. IC M values (concentrations 
of compound that reduced selectin-Ig binding to 50% of the maximal) 
were calculated by fitting data from a titration curve to the equation- 
fraction of maximal binding = IC 50 - <IC W + {compound]) using nonlin- 
ear least squarea analysis software (Origin, Microcal Inc., Northamp- 
ton, MA). r 

Cells end Culture Conditions-Human LS180 colon carcinoma cells 
human HL60 promyelocyte leukemia cells, and SV40-transformed sim- 
ian kidney fibroblast COS-1 cells were purchased from American Type 
Culture Collection (Rockville, MD) and maintained in culture as reV- 
ommended. Baby hamster kidney cells were cultured in Dulbecco's 
modified Eagle's medium/F-12 (Whittaker) containing 10% fetal bovine 
serum (FBS; Hyclone, Logan, UT) and subcultured using versene (Life 
Technologies, Inc.). Primary cultures of human umbilical vein endothe- 
^cells (HUVEC) were obtained from Clonetics Corp. (San Diego CA) 
^C were grown m Medium 199 (Life Technologies, Inc.) containing 
20% FBS 50 ug/ml endothehal cell growth supplement, and 100 ug/ml 
heparin (Sigma) and subcultured (1:3 split ratio) using trypsin/verTene 
(Life Technologies. Inc.). HUVEC were used for adhe^ciexperimentl 
at passage 2-4. PMN were prepared from EDTA-anticoaguiated blood 
by sodium metrizoate-dextran density gradient centrifugation (Poly- 

hpS??^ ^T! d Pharm ? As ' 0sl °' Norwa y> and washed twice with 
DPBS (without Ca 2 * and Mg 2 ', Whittaker) at room temperature Con- 
laminating red blood ceils were lysed by a brief exposure (30 s) to 
hypotonic buffer (ice-cold DPBS diluted 1:10 in sterile distilled water) 
followed by the addition of 1/10 of a volume of sterile hypertonic DPBS 
(10 x, Whittaker). PMN were washed by centrifugation in ice-cold DPBS 
(without Ca** and Mg 2 -) and suspended in keloid 1% human serum 
albumin (HSA; Cat. S21Z00, Alpha Therapeutic Corporation, Los Ang- 
les, CA) in RPM1 1640 medium (Whittaker). 

LS180 CeU Adhesion to Protein A<aptured Selectin-Ig — Cell adhe- 
sion assays on immobilked selectin-Ig were performed essentially as 

fSSMr* ' 6 k Bdefly ' NuncUm Terasa *i microwell plates (Cat. 
136528, Nunc, Naperville. ID were coated overnight at 4 °C with 5 
Hi/well 50 niM sodium carbonate buffer (pH 9.5) containing recombinant 
protein A ( 10 ugfail, Chemicon, Temecula. CA). Protein A-coated plates 
were washed with DPBS t incubated for 1 h with L-, P-, or E-selectin-Ig 
in DPBS (20. 20, and 5 ugfail, respectively), washed again, and blocked 
with DPBS containing 1% HSA. LS180 cells were harvested by brief 
trypsimzation, washed twice by centrifugation, and suspended at 1 5 % 
10° cells/ml in DPBS containing 1% HSA; 5 ul/weli of the suspension 
was added to the wells and incubated for 30 min at 4 °C. After washing 
to remove unbound cells, adherent cells were fixed with glutaraldehyde 
(2.5% in DPBS) and counted microscopically. In each experiment, wells 
coated with CD8-Ig fusion protein were used as control. Tb measure 
inhibition of cell adhesion, 5 ul/well of serially diluted solutions of 
inositol or inositol poiyanions in DPBS were added to selectin-Ignxated 
plates and incubated for 30 min at 4 °C before the addition of LS180 cell 
suspension. 

PMN Adhesion to COS Cells Transfected with cDNAs Encoding L- P- 
and- E'SeUctin—pCVMVpCDm vectors containing cDNAs encoding 
fulUength transmembrane forms of L-, P-, or E-selectin were trans- 
fected into COS-1 cells using DEAE-dextran as described (38). After 24 
h, transfected cells were harvested by brief trypsin treatment, trans- 
ferred to coverslips coated with 0.1% gelatin (GS-500, Fisher, Pitts- 
burgh, PA), and cultured in 24-well culture plates for 4S-72 h to allow 
for cell surface expression of selectins. Wells were washed with DPBS 
and incubated with 0.5 ml of DPBS-1% HSA alone or containing inositol 
or inositol poiyanions for 30 min at 4 9 C. PMN suspensions (0.5 ml at 2 
x 10* ce Us/ml) were then added and allowed to adhere for 30 min at 4 °C 
Nonadherent PMN were removed by immersion of the coverslips in 
DPBS. Adherent ceils were, fixed with 2.5% glutaraldehyde in DPBS 
and: counted. PMN adhesion was quantitated as number of rosettes 

* vCOS cells with three or more bound PMN) per 100 transfected COS 

• cells. Transfection efficiency t typically 10-25%) was assessed in each 
experiment by incubating COS cells with mAbs specific for L-. p., and 
E-selectin. followed by reaction with a fluorescein-conjugated anti-im- 
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(ImP )' StFUCtUre of ^w^inositol 1,2,3,4,5,6-hexakisphosphate 

munoglobulin antibody. The same protocol was used for adhesion ex- 
periment* performed with LS180 and HL60 cell suspensions. 

PMN Adhesion to Activated Endothelial Monolayers— HUVEC were 
grown to confluence within 2.2 cm diameter circles~(25> on glass micro- 
scope slides coated with 0.1% gelatin. Monolayers were washed with 
rnc and ft mcubated fa 4-8 h at 37 °C in Medium 199 containing 20% 
f„ » humaT1 recombinant tumor necrosis factor a 

(Biogen Research Corp., Cambridge, MA). Monolayers were washed 
tic n A a 2 d ,ncubated for 30 min at 4 °C in Medium 199 containing 5% 
~« r removal of medium, PMN suspension i0.5 ml. 2 x 10 8 /ml> 
was added and allowed to adhere for 30 min at 4 a C. The adhesion 
assays were performed both in static and in ncnstatic conditions (on a 
routing platform, 64 rpmj. After washing to remove unbound PMN 
glass slides were fixed in DPBS containing 2.5% glutaraldehyde, and 
adherent PMN were counted microscopically. To determine adhesion- 
blockang activity, PMN were incubated in RPMI 1640 medium with 5% 
FSS alone or containing inositol, InsP s , or anti-L-selectin monoclonal 
antibody LAM 1.3 (25). for 30 min at 4 *C before their .addition to 
activated endothelial monolayers. In some experiments, endothelial 
monolayers were incubated with anti-E-selectin monoclonal antibody 
H18/7 (40) for 30 min at 4 °C before the addition of PMN. 

Peritoneal Inflammation— Male 4r-5-week-old BALB/c mice (20-24 g) 
intra P eritonea ^y ^th 1 ml of 3% thioglycollate broth (lot 
622462, Clinical Standard Laboratories. Inc.. Rancho Dominguer, CA) 
or with 1 ml of saline containing 0.5 mg of zymosan (Sigma). Control 
animals were injected with saline. After 40 and 80 min, animals re- 
ceived slow intravenous injections of saline or saline containing InsP s 
InsS 5t or inositol (0.2 ml/injection). InsP, was injected at 5-40 umol/kg/ 
injection (total of 1CU80 umol/kg) and InsS, and inositol at 40 or 200 
umol/kg/injection (total of 80 or 400 umol/kg). Mice were sacrificed 120 
mm after the intraperitoneal injection. Cells within the peritoneal cav- 
ity were collected by lavage with 10 ml of ice-cold DPBS containing 10 
D^lf ml ° f heparin and co ^ted in a hemocyxometer. The percentage of 
PMN was assessed using cytospin preparations Abandon Inc., Pitts- 
burgh, PA) stained with Wright-Giemsa stain iDiff-Quik. Baxter Mc- 
Gaw Park. ID. In separate experiments. InsP s (2-160 umol/kg> or ino- 
sitol were given as single 0.2-ml subcutaneous injections 3 min after 
intraperitoneal injection of thioglycollate. In some experiments, total 
white blood cell counts were obtained using a Sysmex F-800 hematology 
analyzer (Baxter*, and the percentage of PMN was assessed using 
smear preparations stained with Diff-Quik, No toxic effects of InsP, and 
InsS 5 were observed by using the injection protocols described above 
Toxicity due to rapid intravenous injection of high dose InsP s (-600 
umol/kg) has been previously reported (43). 

Lung Inflammation— Lung inflammation was induced in rats (male 
200-250 g> by intratracheal injection of endotoxin (5 ug/rat of SaW 
nella typhosa lipopolysaccharide. Sigma, lot 126F4020, in 0 5 ml of 
saline) as described (44). After 2 h. a first intravenous injection (0.5 ml) 

a I * (2 ° }URoyk9) or saline was ^ ven: a seco "d Ejection was given 
4 h after the intratracheal injection. Rats were sacrificed 6 h after the 
intratracheal injection. Bronchoalveolar lavage iBAL) was performed 
by washing the lungs with 7 ml of PBS injected through a tracheal 
cannula and repeated 6-7 times/rat. Cells within >the BAL fluid were 
counted with an hematology analyzer, and the percentage of PMN was 
assessed using cytospin preparations stained with Diff-Quik. Samples 
of venous blood withdrawn from the tail were used to determine pe- 
ripheral blood PMN content. 

. \ RESULTS 
Inositol PolxanionS Block the Binding ofL- and P-selectin-Ig 
to BSA-sLtr in a Competition ELISA— Inositol hexakisphos- 
phate t InsP, t Fig. 1) and inositol hexakissulfate (InsS s ), but not 
inositol, inhibited binding of L- and P-selectin-Ig to immobi- 




0.001 0.01 0.1 

Concentration (mM) 




0.1 i 
Concentration (mM) 




O.i i 10 

Concentration (mM) 
Fio. 2. Effect of myo inositols on the binding of L- (a) P- (b) 

!£fe E ; 9 £ le f tin * Ig (C) to imoobillMd BSA-sLe* in a competition 
ELISA. To determine inhibitory activity. insP, (•). InsS. (O), or inositol 
<■) was added to the selectin-Igs to achieve the indicated concentrations 
before transfer to microtiter plates. Data shown are the mean and range 
of optical density measurements made in duplicate wells from a single 
experiment corrected for background signal, representative of 3-4 sepa- 
rate experiments. 

lized BSA-sLe* neoglycoprotein (Fig. 2. A. and B\ The IC M of 
InsP 6 on L-selectin-Ig binding was 2.1 + 1.5 um; InsS 6 was less 
active, with an IC S0 value of 210 ± 80 um. InsP 6 and InsS 6 also 
blocked P-selectin-Ig binding to immobilized BSA-sLe* (IC 50 = 
160 ± 40 um and 2.8 ± 0.9 mM, respectively), whereas they failed 
to inhibit the binding of E-selectin-Ig at concentrations up to 5 
him (Fig. 2C). InsP 5 also inhibited L- and P-selectin-Ig binding 
with IC^ values of 1.4 ± 0.2 and 260 * 40 um, respectively. As 
shown in Table I, inositol trisphosphates (Ins(l t 4,fi)P 3 , 
ins(3,5,6)P 3l and GroPInsC4,5)P 3 ) also inhibited L-selectin bind- 
ing, while Glc(2 t 3,4,6)P 4 was inactive up to 2 mM. Inositol-based 
structures with low phosphate content (inositol, InsP„ and 
GroPIns) and polyphosphates (sodium trimetaphosphate, so- 
dium tripoiyphosphate, and 2,3-bisphosphogiyceratej did not 
inhibit selectin binding to BSA-sLe x up to 2 mM. None of the 
test compounds inhibited E-selectin-Ig binding to BSA-sLe x up 
to 2 UIM. • ■ - " . 

InsPs ahd lnsSt Block Cell Adhesion to L- and P-selectin-Ig 
and to COS Cells Expressing L-and P-selectin— The effect of 
inositol polyanions on selectin-dependent cell adhesion was as- 
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Effect of inositol polyanions. inositol, and polyphosphates i 
P-selectin-Ig binding to BSA-sLe* 



Compound 



InsP 8 

InsU.3,4.5,6)P 5 

D-In3(3,5.6)P 3 ' 

D-Ins<L4,5)P 3 

GroPlns(4,5)Pj 

GroPlns 

InsP, 

Inositol 

InsS„ 

Glc(2,3 f 4,6>P 4 
Tripolyphosphate 
Trimetaphosphata 
2,3-bisphosphoglycerate 



L-flelectin-Ig 




P-se lectin- lj* 




TO • 


n 






fiM 




IXM 




2.1 ± 1.5 


4 


160 x 40 




1.4 ±0.2 


3 


260 ± 40 


■J 


340 * €0 


3 


NC e 


2 


320 ± 110 


3 


NC 


2 


150 * 40 


3 


NC 


2 


NI* 


2 


NI 


2 


NI 


2 


NI 


2 


NI 


4 


NI 


3 


210 ± 80 


3 


2760 * 890 


3 


NI 


2 


NI 


2 


NI 


3 


NI 


3 


NI 


3 


NI 


3 


NI 


2 


NI 


2 



Concentration of compound that resulted in 50% inhibition of L- or 
P-selectin-Ig binding to BSA-sL*' as measured in a competition EUSA 
(see Materials and Methods"). Data represent the mean - S.D. of the 
IC X0 values obtained in n experiments. 

* n . number of titration experiments performed for each compound 
\NC, not calculated (leas than 30% inhibition at 2 m.\a 
" NI, no inhibition (at 2 mMK 

sessed using a colon cancer cell line, LS180, that binds to all 
three selectins. 2 As shown in Fig. 3, InsP 6 blocked the adhesion 
of LS180 cells to plates coated with purified L- and P-selec- 
tin-Ig (51 ± 5 and 53 ± 14% inhibition at 60 um, respectively, 5 
experiments) but not with E-selectin- Ig. InsS 6 was also effec- 
tive in blocking LS180 adhesion to L- and P-selectin-Ig but 
required higher concentrations (43 x 1 and 45 ± 5% inhibition 
at 4 mw, respectively, 2 experiments); myo-inositol, and 2,3- 
bisphosphogtycerate were inactive at concentrations up to 5 
mM. The effect of inositol polyanions on cell adhesion to full- . 
length transmembrane selectins was examined using COS cells 
transfected with cDNAs encoding L-. P-, and E-seiectin (L- 
COS. P-COS, and E-COS, respectively). InsP, displayed a dose- 
dependent inhibition of LS180 cell adhesion to L-COS and P- 
COS (blocking at 500 um was 81 * 13% and 95 ± 5%, 
respectively, 2 experiments j but not to E-COS <<5% inhibition)* 
In separate studies. PMN adhered to P-COS and E-COS but 
showed little binding to L-COS. As depicted in Fig. 4, InsP 6 (500 
m i blocked PMN adhesion to P-COS but not to E-COS; similar 
results were obtained with the promyelocytic cell line HL60 
(not shown i. Higher concentrations of InsS 6 also inhibited PMN 
adhesion to P-COS (63 ± 7% blocking at 5 mM, 2 experiments) 
but not to E-COS; inositol had no effect at concentrations up to 
10 mM. K 

/nsP s Inhibits PMN Adhesion to Activated Endothelial Cell 
Monolayers under Fluid Shear Stress— The effect of inositol 
polyanions on PMN adhesion to cytokine-activated endothelial 
monolayers was studied under static and nonstatic conditions. 
In the absence of fluid shear force (static assay), PMN adhesion 
to tumor necrosis factor a-activated endothelial cells is inhib- 
ited by anti-E-selectin antibodies (40) but not by anti-L-selectin 
antibodies (25). Under these conditions, InsP 6 (500 umi had 
little or no effect on PMN adhesion (Fig. 5, upper panel). In the 
presence of rotation-induced shear stress <nonstatic assay), 
PMN adhesion can be inhibited by both anti-E-selectin and 
anti-L-selectin antibodies (25). Under these conditions. InsP 
(500 um) reduced PMN adhesion to tumor necrosis factor a-ac- 
tivated endothelial cells to a similar extent as did anti-L-selec- 
tin antibodies . I Fig. 5, lower panel k Inositol was inactive at 
concentrations up to 10 m_M in both static and nonstatic assavs. 



• G. Mannori. L. Carter. O. Cecconi. K. Hanasaki. C. Corless. A. 
ArutTo. R. M. Nelson, and M. P. Bevilacqua. manuscript in preparation. 
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Effect of InsP 8 on the adhesion of LS180 colon cancer 
' C 5?V? ^^^d V O' P - < ** d E'selectin-Ig (•). InsP 6 was 
added to i wells precoated with protein-A^captured aelectin-Ig to give the 
indicated final concentrations. DaU presented are mean number of 
adherent cells/mm* * S.E.. counted in quadruplicate wells in a single 
experiment representative of three. Inositol was inactive up to 10 ium oh 
each of the selectins. InsS 6 inhibited tr and P-selectin-dependent cell 
■ 1 ™T n T V, pJf n <« ± 1 and 45 * 5% inhibitioa at 4 

mM/, No LS180 cell adhesion was detected on plates coated with protein 
A alone or on plates coated with protein A-captured CD8-Ig LS180 cell 
adhesion to E- P-, and L-selectin was inhibited by blocking monoclonal 
antibodies H18/7, Gl, and LAM 1.3. respectively.* 




— tnsP6 Inositol — insP6 Inositol 
Fic. 4 Effect of InsP, or inositol on the adhesion of isolated 
human PMN to COS cells transfected with P- and E-selectin. 
i Experiments were conducted as described under "Materials and Meth- 
ods." Inositol and InsP^ final concentration was 500 um. Previous ex- 
perimenta showed that the blocking effect was dose-dependent and 
maximal at concentrations between 250 and 500 um. Data represent the 
mean ± S.E. of three separate experiments ifive microscopic fields/ 
coverslip with triplicate coverslips were counted in each experiment!. 
D^Ao WaS inactive U P 10 10 mM - Ins S* inhibited PMN adhesion to 
P-COS at concentrations higher than 1 mM (63 4 7% inhibition at 5 mM) 
Similar results were obtained with HL60 cells. 

InsP 6 Reduces PMN Accumulation in Experimental Inflam- 
mation in Vivo— In mice, peritoneal inflammation induced by 
injection of thioglycollate results in the accumulation of PMN, 
the early phase of which is thought to depend largely on L- (45* 
46) and P-selectin (47). In this model, InsP 6 reduced PMN ac- 
cumulation in a dose-dependent fashion. Two intravenous in- 
jections of 40 uraoi/kg resulted in a 55 ± 10% reduction in PMN 
recovered from the peritoneal cavity at 120 min(Fig. 6A). InsP 5 
? ftwo intravenous injections of 40 umol/kg) also reduced perito- 
neal influx of PMN in thioglycollate-stimulated mice (48 ± S% 
inhibition, 2 experiments, p < 0.01 in both experiments). A 
single subcutaneous injection of insP fi ( 1-160 umol/kg) acted in 
a dose-dependent fashion to reduce the number of PMN recov- 
ered in the peritoneal cavity of thioglycollate-stimulated ani- 
mals. The inhibition was majrimal between 40 and 160 umol/kg 
'45 ± 5% at 40 urool/kg, 3 experiments). The number of periph- 
eral blood PMN was not reduced by intravenous or subcutane- 
ous InsP^ treatment mot shown u In a closely related murine 
model, zymosan-induced peritoneal inflammation (Fig. 6B). 
InsPg (two intravenous injections of 40 umol/kg at 40 and 80 
min) was found to be as effective as in thioglycollate-induced 
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saline 
saline 



InsPe Inositol 



— Anti- Ami- !rwP6 Inositol 
E-selectin L-selecfin 

Fro. 5. Effect of InaP, inositol. anti-L-selectia, and anti-E-se- 

w^erfo^r.^H end ? h ° U «» ""^layers. PMN adhesion assay 
«ISZ!i mde !, ltata (upper panel, nonrouting platform) and 
nonstatic conditions <fcu*r pa „*f. rotatory platform. 64 rpm) as d£ 
smbed a the text. Inositol and InsP, concentration was 500 p« Pret 
^experiments indicated that maxima] blocking activity was at 

^nnn ^^fl 361 ^" 11 . (LAM 1.3) was used at a dflution of 

1.3000. and anti-E-selectin antibody(Hl8/7) was used at 10 pSSlSlta 

SKFT *' T Can ? S E - ° f three se P araw experiments Unblock 
PMN adhesion to actuated endotheUal monolayers under sUt c and 
nonstahc conditions ranged from 1800 to 2400 cells/mm 1 ; unblocked 
adhesion to unactivated endothelium was less than 50 cellaW 

inflammation (61 s 4% inhibition, 3 experiments). InsS s at the 
same dose did not reduce PMN accumulation in these murine 
Z? |! OV : ever ' hi S her doses «*w> intravenous injections of 
200 umol/kg) were partially effective yielding a 33 ± 13% inhi- 
bition in the thioglycollate model and a 31 £ 11% in the zymo- 
san model 1(1 experiment each, p < 0.05 in both experiments). In 
a rat model of lung inflammation induced by intratracheal 
injection 1 of endotoxin (44). InsP t (two intravenous injections of 
20 umol/kg at 2 and 4 h) reduced the number of PMN recovered 
m the BAL fluid (56 * 9% inhibition, p < 0.01. 2 experiments). 
The number of peripheral blood PMN was similar in InsP fi - and 
sahne-treated animals (not shown). 

DISCUSSION 

Inositol polyanions were found to be effective inhibitors of L- 
and P-selectin in vitro. Notably, solution-phase InsP G and InsP, 
blocked the binding of purified L-selectin-Ig fusion protein to 
BSA-sLe» at a concentration of 1-2 um. By comparison, solu- 
tion-phase sLe«. a known ligand for this selectin. is far less 
potent, requiring concentrations in excess of 5 nw to achieve 
comparable blocking (2. 19, 29). Inositol polyanions were also 
shown to block P-selectin but not E-selectin interactions with 
BSA-sLe«. It has been demonstrated previously that solution- 
phase sLe« is a relatively good blocker of E-selectin (IC M , -750 
um) (6). The inhibitory effects of inositol phosphates on L- and 
P-selectin appear to depend on the number of phosphate 
•groups. InsP, and InsP s were most active. InsP 3 showed less 
actmty, while InsPy.and inositol itself showed no activitv at 
concentrations up to 5 dim. In preliminary experiments, a'ddi- 
tional synthetic isomers of InsP, showed different inhibitory 
activity mot shown) suggesting the possibility that the position 
of the phosphate groups in the inositol ring may be important. 
Other polyphosphates including glucose 2.3.4.6-tetrakisphos- 



3%ihioglycollatebroih saiine zymosan 
Fto. 6. Effect of InsP, on neutrophil accumulation in the «ri 

cdk£ US ^ e ^ e " ejected intraperitoneally with 1 ml of 3% iffi. 
coUate broth (Fig 6A) or with 1 ml of saline containing 0 5 mZ of 
™an <F,g. 63). Control animals were i«Mta^SSi£ 
r^lX^' B T°? en ; free "aline. After 40 and 80 nmt ttoXE 
r^^ traVe ?,° U8 la i"«™ of 0.2 ml of saline with or witb.ouS' 
(total or 80 umoVkg : - 73 mg/kg) or inositol (400 pjao&VmnSS 

toneal wasrangs was. evaluated. Bcrs represents the meanYs.D of 
three separate experiments. Experimental groups Wntamed 5-7 

^ animals/experiment. Asterisks indicate atatisttcally S 

j 1 T Se . C ^ mpaTei with *• control group 

(injected uitrapentoneaUy with thioglycollate or zymosan and mtrave. 

JdxKST? ^°e-treated groups (not shown) End™ 

W^T««f ^f" 1 •*? • ti ° n3 Was les9 01 endotoxin unita/ml 
Treatment of animals with intravenous injections of endotoxin (up to 1 
endotoxin unit/ml in saline) did not reduce the numferrfrW ^v 
ered in the peritoneal washings (not shown). 

phate, 2,3-bisphosphoglycerate, sodium trimetaphosphate and 
sodium tnpolyphosphate were inactive up to concentrations of 
2 mM. Interestmgly, the inhibitory effects of inositol polyanions 
on L- and P-selectin but not E-selectin parallel the recently 
oTo^tw 6 * 5 ° f hep " in ' 3 Po^^ed polysaccharide (6, 
ffi o, oo/" j P articular - bot h high molecular weight heparin 
<b. ^V22) and heparin oligosaccharides (29) have been shown 
to inhibit the function of L- and P-selectin but not E-selectin In 
separate studies, endothelial heparin-like molecules have been 
suggested as ligands for L-selectin (28). Although several pro- 
teins are able to bind inositol polyanions. their affinities for the 
different polyanions vary. For example, hemoglobin (48) and 
acichc fibroblast growth factor (49. 50) bind InsP s more avidly 
than IiaS 6 , whereas p-adrenergic receptor kinase is inhibited 
more effectively by InsS 5 than by InsP 6 (51). In our studies, 
insr-, and InsP 5 are substantially more active than InsS. in 
blocking L- and P-selectin. 

Recent studies have provided key insights regarding the car- 
bohydrate recognition domains of C-type lectins, including the 
selector* In particular, crystallographic studies on the man- 
nose-binding protein (a C-type lectin homologous to selectins) 
have revealed that two calcium ions associated with the lectin 
domain participate in ligand binding (52). In addition, directed 
mutagenesis and monoclonal antibody mapping of E- and P- 
selectin have suggested that certain basic amino acids within 
the lectin domains are important for sLe* binding (53-65). Ino- 
sitol polyanions are known to bind basic amino acids in several 
proteins (56) including hemoglobin (48, 57). It ia interesting to 
speculate that the array of negative charge imparted by phos- 
phate or sulfate groups could facilitate the binding of inositol 
Polyanions to basic amino acids within the selectins. It is also 
possible that the binding of inositol polyanions to calcium ions 
within the lectin domain could contribute to their ability to 
aJter selectin function. 
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Selectins are thought to play a critical role in inflammation 
by controlling the initial attachment of leukocvtes to activated 
vascular endothelium (58, 59). Previous studies in mice have 
suggested that L- and P-selectin are involved in the early 
stages of thioglycollate-induced peritoneal inflammation (45- 
47). PMN recruitment in this model can be reduced by treat- 
ment of the animals with the anti-murine L-selectin mono- 
clonal antibody (Mel-14) (45) or with L-selectin-Ig fusion 
proteins (46). In addition. P-selectin-deficient mice generated 
by embryonic stem cell gene inactivation displayed a reduced 
and delayed appearance of PMN in the peritoneal cavity in 
response to thioglycoilate (47). By using thioglycollate-induced 
peritoneal inllammation, we showed that InsP 6 , InsP s , and 
InsSg, injected intravenously or subcutaneously, can effectively 
reduce PMN accumulation in the peritoneal cavity of thiogly- 
collate-stimulated animals. The anti-inflammatory activity of 
InsP 6 was also shown in zymosan-inducer! peritoneal inflam- 
mation in mice and endotoxin-induced lung inflammation in 
rats. Recent observations indicate that oligosaccharide ligands 
of the selectins are effective blockers of inflammatory responses 
1 16, 18, 29, 60). The present data demonstrate that inositol 
polyanions. which are low molecular weight noncarbohydrate 
structures, can also reduce experimental inflammatory re- 
sponses. 

InsP 6 and InsP 5 are found in substantial quantities in most 
mammalian cells (61-67), where they may act as precursors of 
several inositol phosphates thought to be involved in intracel- 
lular signaling (68-70). In addition, InsP 6 is an abundant con- 
stituent of many plant seeds and is-found in a variety of foods 
(56). The possibility that these naturally occurring molecules 
act to suppress inflammatory or immunological responses de- 
serves attention. In addition to blocking the selectins, inositol 
polyanions have been shown to possess anti-oxidant activity 
(71) that could enhance their ability to protect against the 
tissue damage associated with inflammation (72, 73). It is an- 
ticipated that inositol polyanions or their derivatives may 
prove useful as therapeutic agents in the treatment of a variety 
of human inflammatory diseases. 
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S M t l> ^ eisolat ^ from lymph node endothelium (Imai et 
al. , 1991; LaskyetaL, 1992; Baumhueteretal., 1993) Both 
hgands were also recognized by the monoclonal antibody 
MECA79 which defines the vascular addressin for peripheral 
lymph nodes (Berg etal., 1991*; Streeter etal. , 1988). Based 
on cell adhesion assays, E- and IVselectin have also been de- 
scribed as counterreceptors for the neutrophil type L-selectin 
(Kishimotoetal., 1991; Picker etal., 19916). However, the 
affinity of this interaction is too low to directly demonstrate 
the binding of L-selectin to purified P-selectin or an antibody- 
like E-selectin fusion protein (Moore et al., 1992; Levinovitz 
etal., 1993). 

Instead, using purified P-selectin from human platelets a 
glycoprotein ligand of 120 kD molecular weight under re- 
ducing conditions and of 250 kD under non-reducing condi- 
tions was identified on human neutrophils and the monocytic 
cell line HL60 (Moore et al. ■ 1992). With the help of an anti- 
body-like E-selectin fusion protein, we have recently isolated 
a 150-kD glycoprotein ligand for E-selectin from mouse neu- 
trophils and the mouse neutrophilic progenitor 32D cl 3 
(Levinovitz et al. , 1993). In addition, a minor component of 
250 kD molecular weight was detected on mature mouse 
neutrophils. 

From the published data, it is difficult to compare the 
P- and E-selectin ligands since different cells were analyzed 
and the affinity probes, the isolation procedures and the label- 
ing techniques differed significantly Here, we have directly 
approached the question whether E- and P-selectin recognize 
different or similar ligands. Using analogous antibody-like 
fusion proteins for mouse E- and P-selectin, we have per- 
formed affinity isolation experiments on detergent extracts of 
mouse neutrophils, the mouse neutrophilic progenitor 32D 
cl 3 and the human monocytic cell line HL60. We have found 
two glycoproteins of which each is a specific ligand for only 
one of the two endothelial selectins. Two additional, more 
weakly detectable glycoproteins were found which were 
common ligands for both selectins. 

Materials and Methods 
Cells 

The neutrophilic progenitor 32D cl 3 (Valtieri ct al., 1987; Migliaccio 
et al M 1989) provided by Dr. Rovera (Wistar Institute, Philadelphia) was 
grown in DMEM with 2095 FCS, supplemented with 10% conditioned 
medium of WEHI-3B cells (as source for IL-3), The human monocytic cell 
line HL60 was obtained from Anier. Type Culture Collection (Rockviile, 
MD) and cultured in DMEM containing 10% FCS. J558L cells secredng 
either the P-selectin-IgG, the E-selectin-IgG, or CD4-IgG fusion protein 
were grown in DMEM supplemented with 10% BMS (Seromed, Berlin, 
Germany). Mouse neutrophils (polymorphonuclear granulocytes) were 
freshly isolated from the femurs of 10 wk old NMRI mice as described 
(Levinovitz et al., 1993). 

For the isolation of human neutrophils, 10 ml of heparinized blood was 
mixed with 20 ml of sterile HBSS, underlaycd with 10 ml of Histopaque 
1077 (Sigma Chem. Co., St. Louis, MO) and centrifuged for 30 min at 
2.300 rpm. Pelleted cells were washed once in RFMI containing 2% FCS 
and resuspended in HBSS (original blood volume). 20% (vol/vol) of a 6% 
Dextran 500 (Pharmacia LKB Biotechnology, Piscataway, NJ) solution in 
PBS was added and the cell suspension was loaded into a vertical syringe, 
needle upright. Erythrocytes were allowed to settle for 20 min. Leukocytes 
were expelled and washed twice in RPMI. 

Antibodies 

The anti-mouse P-selectin rabbit antisenim was raised against the purified 
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1993)^ Specific ^antibodies were affinity purified on the fusion protein W 
jugated to CNBr-Sepharose (Pharmacia Uppsala, Sweden) . aSSE 
? ^ * ^ *° Wcre * * second St! 

SlE MO™ C ° njUgatcd human * G Immunochemical, 
The rat IgM mAb 21KC10 against mouse E-selectin was recently de- 
scribed (Hahne et al., 1993) as was the rat IgM mAb 28AG6 which had been 
raised against the E-selectin-IgG chimeric protein and recognizes the Fc- 
region of human IgGl (Levinovitz et al., 1993). 

Cell Adhesion Assay with Plastic-coated 
P- and E-selectin-IgG 

96 well microliter plates (Falcon, Heidelberg, Germany) were coated with 
20 Mg/ml P-selectin IgG, E-selectin-IgG, or CEM-IgG in HBSS (Biochrora, 
Berlin, Germany) and subsequently blocked with 10% FCS in HBSS 05-1 
x 10* cells in 200 <d were added to each well and allowed to bind for 20 
mm at 7'C under mild rotation (50 rpm). Unbound cells were removed by 
flicking out the plates and washing five times with HBSS. Bound ceils were 
fixed with 2% glutaraldehyde in HBSS for I h at 7°C, followed by one addi- 
tional wash with HBSS. Bound cells were quantitated by counting the cells 
under the microscope in 10 randomly chosen areas for each well. Each de- 
termination was done for four wells. Antibody inhibition was tested by 
premcubating; the coated and blocked wells with antibodies at the indicated 
concentrations for 45 min at 37 °C Unbound antibodies were washed away 
before cells were added. 

Enzyme treatments of intact HLfSO cells were performed in 1 ml DMEM 
without FCS at a cell density of 5 X lfZ/ml for l h at 37°C with 1 U en- 
doglycosidase^ F (endo F) or 2 U Peptidc:N glycosidase F (PNGase F) (both 
from Boehririger, Mannheim, Germany) or 20 fi\ O-sialoglycoprotease 
from PasteuretUz hemolytic* (Cedarlane, Hornby, Ontario, Canada pur- 
chased from Camon, Wiesbaden. Germany). The lyophilated enzyme, con- 
taining Hepes buffer salts and bovine serum proteins, was reconstituted with 
water to a final protein concentration of 2.5 mg/mi with a specific activity 
of 5 mg human glycophorin A cleaved per mg protein per hour at 37°C 
For controls, cells were incubated in the same way in the absence of the en- 
zymes. To control whether the amount of PNGase F and endo F were 
sufficient, enzyme treatment of ceils was done in the presence of 20 fig of 
an L-selectin -IgG fusion protein. This protein was affected by the glycosi- 
dases in the presence of the cells as efficiently as in the absence of the cells. 

Selectin-Immunoglobulin Chimeric Proteins 

The construction as well as the production of the P- and E-selectin-IgG chi- 
meric proteinurias been described (Hahne et al . , 1993). In both fusion pro- 
tons the seleotin part includes the signal sequence, the lectin domain, the 
EGF-uke repeat and the first two -complement-binding (CB)" domains ex- 
cept for the last two amino acids of the second CB-domains. 

Affinity Isolation of the Metabolically Labeled 
P- and E-Selectin Ligands 

HL 60 and 32D cl 3 cells were labeled for 4 h with 400 M Ci [^methio- 
nine and 200 >Ci { 35 S]cysteine in 1 ml medium (5 x 10 6 cells/ml) in 
MEM without methionine and cysteine (Gibco/BRL, Karlsruhe Germany) 
suoplemented with 10% FCS which had been dialyzed against PBS. 4 x 
10 freshly isolated PMNs from mouse bone marrow were labeled in 500 
fi\ of the same-medium with 600 jiCi ( 35 S]methionine and 600 aCi r^Sl- 
cysteine for 4 h. 

Labeled cells were lysed at a density of 0.5-3 x X0 1 cells/ml in fcsis buf- 
fer (3 % CHAPS; 50 mM Tris-HCl, pH 7.4; 150 mM NaCl, 1 mM CaCl 2 
I mg/ml Ovalbumin, 1 mM PMSF) for 10 min, insoluble material was 
pelleted at 10,000 g for 10 min; these and all subsequent steps were per- 
formed at 4°C=the lysate was preincubated for 30 min with 50^1 of packed 
protein A-Sepharose. After removal of the Sepharose beads, carrying un- 
specifically bound proteins, the cell extract was aliquoted and fractions rou- 
tinely corresponding to 10M0 7 cells were incubated with 10-20 jd of pro- 
tein A-Sepharose preloaded overnight with 10-20 /tg of P-selectin-IgG 
E-selectin-IgG,; or CD4-IgG. After an incubation period of 4 h, the resiii 
was washed five times with washing buffer (005% Triton X-1O0- 50 mM 
Ths-HCl P H 83; 400 mM NaCl; 1 mM CaOj) and two more times with 
a similar washing buffer, lacking CaClj and containing 150 mM instead of 
400 mM NaCh Elution was done twice with 60 y\ 3 mM EDTA in 50 
mM sodium acetatepH5.2; 0.0596 TritonX-100. Eluted proteins were sepa- 
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rated by SDS-PAGE and An «j 
• X-ray films (Kodak, StuttearfGe™^^ fl 1 uoro « ra P t '>' using Kodak X-AR 
Bio-Irnaging.A^ er - ( /^^2 n y> orb y ^'ysis inaFujixBAS 1000 

^SSS^g2^* ,he ;«" struct of .netabolically la- 
affinity matrix, the EDTA du^ } wa , s , mCUbated with P-selectin-IgG 
'» rnM NaCi, 4 vtoi^Tr^.S 0 *' 50 mM pH 74. 
again incubated with P-selecrin T„r T nt0 " X ' 00 Md "P"! aKquots were 
= were ^S»£fiH^^ 

tfatafa** ErioglycosidaseF.andPNGaseF 
Treatment of Selectin Ugands 

Tix in 3 mM EOTA 50 rnt^° Were e,uted from <"H^y mt- 

'eine labeled neutrophil, }£ ^ SP**^ 

*ith 500 mU of neurairunidase from a,* u " S * ere d * Mled eith « 
neuraminidase from S£l nil ™ f ureafiiciens - « 20 mU 
A- Costndium t V? mU -—W— 

under identical conditions in SenL j*?' * ^ done 

was set aside for PACE "while 60**! ? I enzyme - 4058 of the digest 
"•^Ji"^-!^?^,^^^ ,0 «P«ciP^tion by 
500,1 of l* TritonX-100 • 30mSff H&%^fa M * after ^"l 
OCl,. Subsequent washing a „d Son ^ £1 « ?° f ? aC,: 4 mM 
•dtgestion with endo F and with PNG ase P^L , " 4 ? mhed above " 
isolated from labeled HL60 Sis 32D cl i ^, SeIec,ln - ,, 8 and * were affinity 
above using E- or W«dS?£3j»-^ 
corresponding to 2 x 10* HU0or 3Jn7T i t. . i 50 " 1 EDTA -«l<«te 
was supplemented with 0.05^nton X 100 i anH ^ * *° nCUtrophi,s 
without (control) or with 05 U 7l0 ^ of -f^ at 37 ° C 

■PNGase E. K*«^^2L* 2 U » «'> - 



E-selectin-IgG the 
protein also binds via its raectui-IgG fusion 

«ay to myeldirj ceU^ * d S?" ^ m * dependent 
rier betwLn n^td^ 0001 " aCrOSS * e S P~- bar- 



»*wiv\aj aouvc. 

SS^SSSSS^^ ™«**» f^cysteine Ubeled 
or^selectin-IgG^ 

acetate pH 7.0 the eluat^ e„k . 50 mM ammonium 

7.4 split into hal^S^ft^** 6 -° 100 He P« P« 
tea* fl pi cleaved lSSoSb^^i "tlf °^*««Wo- 
without the enzyme for? fSf? p± ^ K 8t 37 Q and * e othe ' half 
^orography orVoJhonW^g ^ * ^ and 

Results 

We have now used i analogous Ll^-seliSr^ 
IgG fusion protein functions in a selecfin /~ * R ,n * 

SnSnL !. ing ^ obse rved to CD4-IgG fFiir n 



Affinity isolation experiments on cell Ivsates of r3sci 

only bound by L^f 2 ^ ^ 3nd ^ of 

? bi ^nT 1 f ™ e ^ selectin fusion proteins fF, 0 

the EDTA-eluted i6f>^nm/° T^" 1 form - ^en 
orhumancellSe^ fSSffi SS^ l ? 1 f ,er,aDMe 
presence of DTT th^ro^^, f" 10 ^" 6 buffer in * e 
10% polyacrylamiS ff w!S " 0 detCCtabIe on a 
stackkg J I JSJfaS" • a- ■ 3 S,gnaJ at to P of the 
protein cSJaJ^ ' » °f " g ^ "*>ction of the 

^»g- j;. This indicates, that the 160-wn p r , 

may be a disulfide-linked dtoS? ^ 

¥oti\°£?*% leCtin U *°»d Retires 

JStarlE^ tested 
bohydrates 

LastIe d,seas e virus, did r not affect the elec- 
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figure L Specific binding of myeloid cells to plastic-coated P- and 
E-selectin-IgG. Ceil adhesion assays were performed with 32D ct 
3 cells (A), HL60 cells (5), and mature mouse neutrophils (C) in 
96 wcU microtitcr plates coated with CD4-IgG, P-selectin-IgG or 
E-selecun-IgG (as indicated). Before the addition of cells, 'the 
selecun-IgG coated wells were incubated with HBSS (--) HBSS 
containing 1 mM EOTA (EOTA) or with 2 >xg/ml affinity purified 
rabbit antibodies against P-selectin (a-P), 100 /ig/ml mAb 21KC10 
against mouse E-setectin (21KC10) or 100 M g/ml control mAb 
28AG6 against Fc-part of human IgG-1 (28AG6). Bound ceils were 
quantitated by counting the cells under the microscope in 10 ran- 
domly chosen areas of defined size (per well) in four different wells 
for each determination. The depicted experiment represents one of 
three similar experiments. 
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Sfeh irf * of two different glycoprotein ligands of 

- ^ dlS (5) WCre met 3boltcally labeled with P'Slmcthio 

with^^^^ dCtergem CXtracts incuLed^Ser 
with iimnpbdized CD4-IgG (C). P-selectin-IgG (P)."5S 
E-sekcaa ; rgG (E) Specifically bound proteinswei e uS w £ 

el ^P h * res <* oa a 6 % polyacryiamide gel unZr J£ 
reducing or (frf) ^ c £ «g™ 

5, last lane, where the proteins were separated on an 8% gel Mo- 
lecular mass markers (in kD) are indicated. 



Figure 3. The 160-kD P-selec- 
tin ligand is cleaved to an 
80-kD monomer by reduc- 
tion. The 160-kD P-selectin 
ligand was affinity-isolated 
from P 5 S]methionine/p 5 S]cys- 
teine labeled 32D cl 3 cells or 
HL60 cells, separated on a 
polyacryiamide gel under non- 
reducing conditions, excised 
from the gel and reelectro- 
phoresed under reducing con- 
ditions on a second 8% poly- 
acrylamide gel giving rise to 
proteins migrating at 80 kD 
apparent molecular weight- 
Labeled proteins were visu- 
alized by phosphorimaging. 
Molecular mass markers (in 
kD) are indicated on the left. 
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trophoretic mobility of the lieandf not shawrt u„. 
neuraminidase from Clostridium SSTS 
reduced the apparent molecular weight of £"5 
A, lane 3), although also in this caf e 5o % of T* 1 
molecules were unaffected. If aliquot of™£* . ffe 
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X I VSSSSJ^^ requires both siaiic acid « 

wel] as N-Iwked carbohydrates for binding to P-selectin. The lfiO- 

raSSffiS' fl P 5 ^ *«* t^methionS/ 
rl ■ . J?- HL60 1x116 Wlth immobilized P-selectin-IeG 
W) The isolated ligand was either directly electrophoresed flan fii 
or ueated wjth (lanes 5 and 5) or without (lanes 2<S?f 100 mU 

C !° StridiUm P 6 ^ 6 " 5 at 37'C ?£% 

t^ZS?™?*? Werc d^tly electrophoresed (lanes 2«d 
SiSr « "Pf^ wi * P-^lectin-r^} Oanes 4 and 5). X) 
JS^^^'^P'^tendoFinstead of sialidase was used 
The ligand molecules which were affected by the twTen^ J^T: 
(heir elecuophoreac mobility (lane 3 iZS ptlTweS each 
case not ^precipitated by P-selectin-IgG (lanV? in bXpS 
Protems were electrophoresed on 6% poIyacrylamidVgels wd« 

SUSS S?f ^ ^ labC,ed P" te ^« vJStad s 
fluo jgraphy. Molecular mass markers (in kD) are indicated on 
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' - * , ) 
CP-neuraminidase-treated ligand were reprecipitated with 
P-selectm-IgG, only the unaffected molecules bound the fu- 
sion protein while binding of those molecules which were 
shifted in molecular weight was completely abolished. Thus 

KSteSfa ° n ^ 16 °" kD liga " d " rCqUired for binding l ° 
We tested whether N-linked carbohydrates on the ligand 
would be relevant for the binding process. Treatment of the 
isolated, [«S]methionine/pS]cysteine labeled ligand with 
endo F (Fig. 4 B) and also with PNGase F (not shown) 
caused a similar reduction of the apparent molecular weight 
of the ligand (Fig. 4 B, lane 3) although again not all mole- 
cules were susceptible to the enzymes. Reprecipitation of 
ligand molecules from which N-linked carbohydrates had 
been removed, either with endo F (Fig. 4 B) or with PNGase 
F (not shown), was completely abolished in both cases 
while the mock-treated material and also undigested ligand 
molecules, which had been left intact by endo F, were still 
reprecipitated normally (Fig. 4 B, lane 5). Thus, oligo- 
saccharides on N-linked carbohydrate side chains of the 160- 
kD glycoprotein are essential for the binding to P-selectin 



) 

V?*ut k P E ' S ^ n Ligand Also Requires N-linked 
Carbohydrates for the Binding to E-selectin 

^n'ln e D reC f n ^ S . h ° Wn rCmoval of siaIic aci d from the 
150-kD E-selecun-ligand strongly reduces (by 80%) its bind- 

E-selectin-IgG fusion protein (Levinovitz et al 
1993). The results with the 160-kD P-selectin-ligand prompted 
us to test whether the E-selectin ligand would also require 
N-hnked carbohydrates for binding. The 150-kD E-selectin 
ligand was affinity isolated with E-selectin-IgG from [«S1- 
methionine/p»S]cysteine labeled 32D cl 3 cells and treated 
with endo F. This treatment reduced the apparent molecular 
weight of the isolated ligand (Fig. 5, lane 4). The shifted 
torm of the ligand could only be reprecipitated with E-selec- 
tin-IgG with an efficiency of 20% as compared to the mock- 
treated sample (Fig. 5, lane 6). Thus, N-linked carbohy- 



endo F 



200 




Figure 5. The 150-kD E-selectin ligand requires N-linked carbohy- 
drates for binding to E-selectin. 32D cl 3 cells were raetabolically 
labeled with P 5 S]methionine/p 3 S] cysteine and detergent extracts 
were incubated either with immobilized CD4-IgO (Co) or E-selec- 
tin-IgG (all other lanes). The isolated 150-kD E-selectin-ligand was 
directly electrophoresed (lane 2) or treated with (lanes 4 and 6) or 
without Canes 3 and 5) 1 U endo F overnight at 37°C Half of the 
treated samples were directly electrophoresed (lanes 3 and 4) or re- 
precipitated with E-selectin-IgG (lanes 5 and 6). Electrophoresis 
was performed under reducing conditions on a 6% polyacrylamide 
gel and labeled proteins were visualized by fluorography. Scanning 
of the depicted x-ray film revealed that the endo F treatment de- 
creased the signal of the. reprecipitated 150-kD ligand (lane 6) to 
20% when compared with the signal of the mock-treated re- 
precipitated ligand (lane 5). Molecular mass markers (in kD) are 
indicated on the left. 
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Figure & Affinity isolation of monospecific and of common glyco- 
protein ligands for P- and E-selectin from mouse neutrophils 
Mouse neutrophils were metabolically labeled with [ 35 S]methio- 
iune/[ 33 S]cysteine and detergent extracts were incubated either 
with P-selectm-IgG (A y lanes 7 and 2; B, lane 2), E-selectin-IgG 
(B, lane 3), or CD4-IgG (B, lane 7). Specifically bound proteins 
were eluted with EDTA and electrophoresed on a 6% polyacryl- 
anude gel under nonreducing (X t lane 2) or reducing (A, lane 7; 
B, lanes 7-3) conditions. In addition to the monospecific 160-kD 
P-selectin ligand (non-reduced) and 150-kD E-selectin ligand (re- 
duced), two common ligands of 230 kD and 130 kD apparent mo- 
lecular weight were identified (marked by arrows on the right) 
which bmd to both selectins. Scanning of the depicted x-ray film 
revealed that the signals of the two common ligands were 15-20- 
fold weaker than that of the 150-kD E-selectin ligand and 10-15- 
fbld weaker than the 160-kD P-selectin ligand. Molecular mass 
markers (in kD) are indicated on the left. 
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■ eSLI^ 15 °- kD " gand « involved in "inding to 

" K " eutr °PMs Bind to Both Endothelial Selectins 

iSSiESS ^ m affinity iS0lati0n «P«toeniB 
SiSfjff J" 'J*** **** rf ^"^onine/ 
lanp r» Tk ,abe,ed L matu re mouse neutrophils (Fig. 6 A 
lane 2) The neutrophiWerived ligand, like the 160 ko£ 
gands from the two cell lines, was undetectable if £ Sted 

H L"„^ r ? UCCd SO,Uti0n electrophoresis?^ 
6 A lane 7). Again, this protein migrated with an apparent 

of the protein was excised from a gel, and then reduced be> 
fore a second electrophoresis (data not shown) 
In addition to this protein we found two more ligands 

Dotn^T* J" appafent m ° lecular wei « hts of 230 and 
t ol^ f ^ UCtng 35 WcU as under ^-reducing condi- 
tions (Fig. 6 A, lanes i and 2). The signals for these oro 
ems were 10-15-fold weaker than the signal 
igand. Protems of identical molecular weight were detected 
■ in arfituty isolation experiments with E-selectin-IgG (Fig 6 

inln- m addlt j on '° me 150 "kD E-selectin ligand and the 
250-kD hgand, of which the latter was exclusively foundon 
maturemouse neutrophils (Levinovitz etal.. 1993). Thesie- 
nals for the 230- and 130-kD proteins were LMWoH 

dmonal protems had riot been detected before with E-selec- 
tin-IgG and were discovered now due to improving the label- 
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ing conditions of neutrophils and due to exchan™., a 
detergent Triton X-100 by CHAPS (see Ma tenalsS^ 

eral Wood, E- and P-selectin-ligands of similar^oKa 
weight were identified as on rnouse neutropi^dltT™ 

n J° te f' direct !y whether *e 230/13O-kD ligand pairs rec- 
S & SdeCtin 8re iDdeed identical - we P affinS- 

SSFISEJTJT ^ reincubaS 
equal ahquots (after compensating the EDTA with Ca*S 

iJ^TI? ° r -lively. A^hown 

m Fig. 7, the affinity-purified 230/130-kD ligand pair was 

^^JFF** by ** ^ionprS 
(lanes 3 and 4), demonstrating that this pair of proteins 
resents common Hgands for both endothelial seEs ? 

In different affinity isolation experiments, using P-selectin- 
IgG as affinity pro be, the ratio ofthe 230- and 130 kD «fm 
mon se ecun ligands varied slightly. In most cies, *e?30- 
kD protein was more easily detectable under reducing man 
SSi conditions ' "M™* it was alwaysTe 

2 J L K f C ° nditions - Becaus?of such variations 
we tested whether reduction of the 230-kD protein couW 

tophoresed under non-reducing conditions" cut from the S 
and reelectrophpresed under reducing conditions Under 
sue .conditions, reduction did not influence the m?grati7n 5 

to T d did n0t rise t0 a P rote * of 130 

kD apparent molecular weight (data not shown). However 

lu-^ ^ ieducUon P roccdure « room"^: 
ture was not sufficient to fully reduce the protein. 
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12 3 4 

flgure Z The 230/130-kD Ugands recognized by P-selecti n arc 
idenucal with those recognized by E-selcW uLl nSphl 

SoTth^'^ ,abCled ^ ™n«Hoiin*p«^ 
»!r«f[J ? f | en ! eX ^ Ct WS incubated with CD4-IgG (lane 1) 

S nlS X EUT \ m ? 31 f 0 ^ w« «ther directly electropho- 
resed Oane 2) or subsututed with Ca'* and repredpitated with 

0ane J) ° r E - Selcctin -ISG Gone V). The^iqS 
SS^f ^^corresponded to 20% (lanes / and2) or 30% (lanel 

^t^l^Zl^ Mo,ecular mass — «»5 



K ?"5 D ^ rte L * an ' fa Are Heavily 

Siolylatet and Require Sialic Acid. But No N-Unked 
Carbohydrates for Selectin-Binding 

To test whether the two ligands, common to both selectins 
contained sialic acid, the metabolically labeled proSs 
EJS" 1 - ** bribed arid me P EOT A ! 

fronf 1 ^ ^ at 37 ° C "alidase 

from Arthrobacter ureafeciens. As shown in Fig. 8, this 
m*tment caused a similar increase ofthe apparent molecu- 
lar weight of the 230- and the 130-kD ligLs wEteSe 
mock-^eatment had no effect. When aliquot! of the s^Lse 
and the mock-treated samples were subjected to reprecioita- 
uons with P-se lectin-IgG affinity beads badiirfSSS. 

S) «Sfl? nnli ane f)-. Thus ' si ^ic acid, on the 230- 
SeStirf! g 18 eSSCntiaJ f0r 1,16 bindin S to 

In the same way we tested the effect of endo F-treatment 
on the binding of the ligands to P-selectin-IgG. The^S 
isolated proteins were clearly reduced in apparent molecS 
weight by treatment with endo F (Fig. 8 /Le % howetr 
t^ 0 /? 8 ^ m0lCCUIeS Were 35 Gently epS- 
2 *f ^ fasi ° n Pr0tein as me mock-trS- 
g^d molecules ^ 8 B, lane 6). Similarly, the endo F-treat- 
ment did not interfere with the binding of the 230/130-kD 
hgands to E-selectin-IgG (data not shown). This indicates 
S i „?J°Ti ? 46 tW ° monos Pecinc selectin ligSS 

^tin-biding 
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Figure & The 230- and 130-lcD common selecdn-ligands require 
sialic acid but no N-linked carbohydrates for the binding to P-selec- 
nn. Mouse, neutrophils were metabolicatly labeled with pS]methic- 
mne/p S]cysteine and detergent extracts were incubated either 
wtfi immobilized CD4-IgG (Co) or P-selectia-IgG (all other lanes) 
(A) The isolated 230- and 130-kD ligands were either directly elec- 
trophoresed Gane 2) or treated with (lanes 4 and 6) or without 
(lanes.? and 5) 1 U of sialidase from Arthrobacter ureafeciens over- 
night at 37'C. Half of the treated samples were directly electro- 
phoresed (lanes 3 and 4) or reprecipitated with P-selectin-IgG 
(lanes 5 and 6). (fi) Similar as panel A, except that endo F instead 
of sialidase was used. Electrophoresis was performed under reduc- 
ing conditions on a 6% polyacrylamide gel and labeled proteins 
were visualized by phosphorimaging. Molecular mass markers (in 
kD) are indicated on the left. 



The 230/130-kD Ugand-Pair and the 160-kD 
P-Selectin Ligand, But Not the 150-kD E-Selectin 
LigandAre Sensitive to O-sialoglycoprotease 
The O-sialoglycoprotease from PosteureUa hemolytica was 
described to specifically cleave O-glycosylated sialoglyco- 
proteins (Sutherland et al., 1992). We have analyzed which 
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of the described E- and P-selectin ligands would be sensitive 

PS methionine/p^cysteme labeled cells: the 230- and 13™ 
kD hgands were isolated with P-selectin-Ig from mouse neu- 
trophils, the 160-kD P-selectin ligand 4 iSSSTfaS 
same way from HL« I cells and the 150-kD ligand was iso- 
SSSSf ^^-W?™ 32D cl 3 cells. In each case 
the EDTA eluates were split into halves and one half was in- 
cubated for 1 h at 37°C without and the other half with 2 5 
(ig of the protein-stabilized enzyme (see Materials and Meth- 

230-kD/130-kD hgands and 70% of the 160-kD P-selectin 
ltgand molecules while the 150-kD E-selectin ligand was 
unaffected. This indicates that the 150-kD E-selectin lieand 
is not heavily O-glycosylated. 

PNGase F-Treatment o/HL60 Cells 
Blocks Binding to E- and P-Selectin, While 
O-sialpglycoprotease'treotment Only Blocks 
Cell Binding to P-selectin 

If the monospecific selectin-ligands, which require N-linked 
carbohydrates for selectin-binding, indeed represent cell ad- 
hesion ligands for the selectins, removal of N-linked car- 
bohydrates from the surface of intact cells should inhibit 
cell-binding. Therefore, the adhesion of HL60 cells to 
plastictcoated P- or E-selectin-IgG was tested after treating 
*? ff? * ith PNGase F for 1 h at 37'C. As shown in Fig 
10 A [binding of HL60 cells to P- as well as to E-selectin was 
inhibited by this enzyme treatment when compared to mock- 
treated cells. The same result was observed for endo F-treated 
cells (not shown) . In contrast, treatment of intact HL60 cells 
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Figure ft The common but not the monospecific E-selectin ligand 
15 P-^S^Protease. Mouse neutrophfls Ganes 1 

and 2), 3£D c 13 cells Ganes 3 and 4) and HL60 cells (lanes 4 and 
6) were metaboUcaUy labeled with PS]methionine/psicysteine 
and detergent extracts were incubated either with immobilized 
P-selectm-IgG panes 1, 2, 5, and 6) or with E-selectin-IgG (lanes 
t ^l/l - ^'^y bo»nd proteins were eluted with EDTA and 
•I™ * e , el " ate *«* mock treated and the other half was treated 
wiA O-sialcglycoprotease (O-SGPase) from Pasteurella hemolytica. 
Proteins were electrophoresed on a 6% polyacrylamide gel under 
reducing (lanes 1-4) and non-reducing conditions (lanes 5 and 6) 
and visualized by phosphorimaging Ganes 1, 2, 5, and 6) and fluo- 
rography.danes 3 and 4). Molecular mass markers (in kD) are indi- 
cated on the left. 
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with O-sialoglycoprotease only blocked the binding of cells 
to P-selectin-IgG but not to E-selecun-IgG {Fig. 10 B). This 
is in agreement with the sensitivity of the P-selectin ligand 
and the resistance of the E-selectin ligand to this enzyme. We 
conclude that both monospecific selectin ligands are good 
candidates for cell adhesion ligands of P- and E-selectin. 

Discussion 

In this study we describe a 160-kD glycoprotein ligand for 
P-selectin on two myeloid cell lines and mouse neutrophils. 
This protein is clearly distinct from the recently identified 
150-kD E-selectin ligand which is also present on these 
cells. Each of the two ligands is specific for only one of the 
two endothelial selectins. In addition to these ligands, two 
more weakly detectable glycoproteins of 230 and 130 kD 
were found, which bind to both endothelial selectins. 

The 160-kD P-selectin ligand and the 150-kD E-selectin 
ligand fulfill the requirements for specific selectin ligands 
since they bind in a Ca'+-dependent fashion, binding re- 
quires the presence of sialic acid on the ligands and no bind- 
ing to the CD4-IgG control protein was observed. Since both 
ligands are specific for only one of the two endothelial selec- 
tins, the structural entities on each ligand which are recog- 
nized by the respective selectin must be different. This 



implies that hgand-binding sites on E- and P-selectin can 
be selective for different structural elements. Furthermore 
both monospecific ligands require N-linked carbohydrate side 
chains for binding to the respective selectin. Although this 
demonstrates the lectin-type character of the binding mecha- 
nisms, the necessity of N-linked carbohydrates for binding 
clearly distinguishes this type of selectin-ligand-interaction 
from the one which was described for sialomucin-type 
selecto-hgands like the L-selectin ligands GlyCAM-1 and 
CD34. They are heavily O-glycosylated mucins which re- 
quire sialic acid for the binding to L-selectin. Also, the 120- 
kD ligand for human P-selectin which was identified on hu- 
man neutrophils and HL60 cells (Moore et al 1992) is 
heavily sialylated on O-linked oligosaccharides and binds in 
a sialic acid dependent festoon (Moore et al., 1992; Norgard 
et al., 1993). The two monospecific 150-kD arid 160-kD 
selectin ligands represent the first examples of glycoprotein 
ligands that require N-linked oligosaccharides for selectin- 
binding. 

In addition to the two monospecific ligands for E- and 
P-selectin, we have found two glycoproteins of 230 and 130 
kD which bind to both selectins in a Ca» + -dependent feshion 
and do not bind to CD4-IgG. Both proteins were heavily 
sialylated, as judged from the decrease in electrophoretic 
mobility caused by sialidase treatment, and binding to the 
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. selccuns was dependent on the presence of sialic acid In 
contrast to the two monospecific ligands, the 230 and 130- 
kp ligands were only weakly detectable (15-20-fold weaker 
signals) and could only be isolated from mouse neutrophils 
and not from the cell lines 32D cl 3 and HL60 (obtained 
from Amer. iy P e Culture Collection, see below). The weak 
detectabihty does not necessarily imply a low abundance of 
these proteins on neutrophils. Other reasons for the weak- 
ness of the signals could be a low turnover rate of the ligands 
(labeling was only done for 4 h) or a lower affinity for the 
binding to the selectins. 

It is likely that the 130-kD glycoprotein which we isolated 
from mouse neutrophils with both mouse selectin fusion pro- 
teins is the homolog of the human 120-kD P-selectin ligand 
(Moore et aL, 1992). Both proteins have a similar apparent 
molecular weight, show a similar strong decrease in elec- 
trophoretic mobility after sialidase treatment, and require 
sialic acid for the binding to P-selectin. In addition, the 130- 
kD mouse ligand was susceptible to digestion with O-sialo- 
glycoprotease as was reported for the human 120-kD P-selec- 
tin ligand (Norgard et al., 1993), which is characteristic for 
sialomucins. A 1 l(McD sialomucin ligand for human P-selec- 
tin (PSGL-1) was recently identified by expression cloning 
(Sako et al., 1993). Similar to the 120-kD ligand described 
by Moore et al. (1992), the 110-kD protein forms a disulfide- 
linked dimer. 

Although we could not detect the 230- and 130-kD ligands 
from HL60 cells of ATCC-origin, we detected proteins of 
similar size on the HL60 cells which we obtained from Ge- 
netics Institute (not shown). These were the same cells from 
which PSGL-1 was cloned, indicating the possibility that the 
230/1 30-kD ligand-pair may be identical with PSGL-1. In- 
deed, HL60 cells from ATCC do not express PSGL-1 (Trudi 
Veldman, Genetics Institute, personal communication). 

The following arguments support the idea that the 150- and 
160-kD monospecific ligands are good candidates for cell 
adhesion ligands of the two selectins: First, both ligands are 
the only ones which we could detect on 32 D cl 3 cells and 
HL60 cells (of ATCC origin). Second, the inhibitory effect 
of PNGase F and endo F on the binding of these cells to the 
selectins correlates with the necessity of N-linked carbohy- 
drates on both ligands for selectin-binding. This is in line 
with results obtained by Larsen et al. 0992), who found that 
tunicamycin treatment of HL60 cells partially blocked the 
binding to P-selectin and E-selectin. Third, O-sialoglyco- 
protease inhibits the binding of HL60 cells to P-selectin and 
degrades the 160-kD P-selectin ligand, but does not affect 
the binding of HL60 cells to E-selectin and does not cleave 
the 150-kD E-selectin ligand. Similarly, Steininger et al. 
(1992) found that this protease blocks HL60 binding to P- but 
not to E-selectin. 

The sensitivity of the 160-kD P-selectin ligand to O-sialo- 
glycoprotease. suggests that this protein is O-glycosylated. 
This does not necessarily imply that its O-linked carbohy- 
drates are involved in the binding to P-selectin. Also other 
glycoproteins, such as CD44 or CD45, are sensitive to O-sialo- 
glycoprotease (Sutherland et al. , 1992), although they do not 
carry carbohydrates which support selectin-binding. How- 
ever, at present we cannot exclude that O-linked carbohy- 
drates on the 160-kD ligand may also be involved in P-selec- 
tin binding. 

The selectin ligands which we have described in this report 



seem to belong to two different categories. The first category 
is formed by the two monospecific ligands which each bind 
to only one type of selectin. Both ligands require sialic acid 
and N-linked carbohydrate side chains for binding This 
looks : hke a different type of interaction than the binding of 
selectins to sialomucin-type ligands like GlyCAM-1 CD34 
or the human 120-kD ligand for P-selectin. The mouse 230- 
and l ; 30-kD glycoproteins which we have found as ligands 
for both endothelial selectins belong to the second category 
of ligands. The sensitivity to O-sialoglycoprotease, the irrel- 
evance of N-linked carbohydrates for selectin-binding and 
the similarities between the 130-kD mouse protein and the 
120-kD human P-selectin-ligand (Moore et al., 1992) and 
PSGL-1 (Sako et al., 1993) suggest, that the 230- and 130- 
kD ligands are of the sialomucin-type. This type of ligand 
seems not to be monospecific for one single selectin. Also 
GlyCAM-1 can bind to L-selectin and E-seiectin (Mebius 
and Watson, 1993; M. Steegmaierand D. Vestweber, unpub- 
lished observation). For the sialomucin-type selectin li- 
gands, it has been suggested that the selectins may recognize 
common O-linked oligosaccharides which are presented on 
such ligands as specific epitopes by forming unique "clus- 
tered saccharide patches" (Norgard et al., 1993). Such clus- 
ters are probably not present on the 150-kD E-selectin li- 
gand, since it is resistant to O-sialoglycoprotease. It will be 
important to identify the structural motif on the two mono- 
specific ligands which is recognized by each of the two selec- 
tins. The involvement of N-linked carbohydrates as well as 
the monospecificity for only one selectin argues for binding- 
sites oh these ligands which are different from those of the 
typical; sialomucin-type of ligands. 

Whether the different types of ligands, which are coex- 
pressed on neutrophils, reflect differences in their physiolog- 
ical role is still unknown. The common ligand(s) on neutro- 
phils could allow .these cells to use one and the same 
mechanism to bind to the two endothelial selectins. The 
monospecific ligands could provide the basis for different 
functions which the two selectins may exert on neutrophils 
when they bind to the blood vessel wall. Indeed, binding of 
E-selectin was reported to activate neutrophils (Lo et aL, 
1991; Kuijpers et al., 1991) while for soluble P-selectin, in- 
hibitory effects on the CD11/CD18 dependent activation of 
neutrophils was reported (Gamble et al. , 1990; Wong et al. , 
1991). Elucidation of the molecular functions) of the 
identified E- and P-selectin ligands will be of central impor- 
tance fpr the understanding of the physiological role of the 
endothelial selectins. 
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